1. Introduction {#sec0001}
===============

The tuberculosis (TB) patient population in Japan is aging faster. While the number of newly diagnosed TB patients in Japan have decreased from 39,384 in 2000 to 16,789 in 2017, TB patients aged over 85 years increased from 3148 to 4318 [@bib0001]. Surprisingly, TB patients aged over 80 years accounted for 40% in 2017 [@bib0001]. Age related factors like immune suppression from comorbid diseases increases the reactivation of TB and increases the development of TB [@bib0002], [@bib0003]. The Global tuberculosis report 2018 from WHO report "In the WHO Eastern Mediterranean, South-East Asia and Western Pacific regions, the TB epidemic is a markedly ageing one with a progressive increase in the notification rate with age, and a peak among those aged 65 years or over [@bib0004]″.

Microscopic examination of sputum smear is often the first test to be used in suspicion of pulmonary TB. However, some elderly patients have difficulties in expectorating sputum. Compared to middle age, low grade positive smears are reported to be more frequently seen in the elderly and pediatric age [@bib0005], [@bib0006]. In patients who have difficulty coughing up sputum, alternative respiratory tract specimens can be acquired only by invasive procedures, including gastric aspiration or bronchoscopic examinations, which is not always available in the feeble elderly.

Diagnosing tuberculosis in elderly patients is challenging, when they are unable to provide sputum, and alternative noninvasive method to diagnose tuberculosis is necessary. In pediatric or HIV infected patients(sputum is known to be scanty [@bib0007]) the benefit of mycobacterial examination of stool (smear, culture, and nucleic acid amplification test) as non-invasive alternative test to detect MT infection have been indicated in several studies [@bib0008], [@bib0009], [@bib0010], [@bib0011], [@bib0012], [@bib0013], [@bib0014], [@bib0015], but few studies in adult patients [@bib0016], [@bib0017], [@bib0018]. We investigated the sensitivity of mycobacterial examination of stool for the diagnosis of pulmonary TB in Japan where TB patients are aging rapidly.

2. Methods {#sec0002}
==========

2.1. Patient selection and data collection {#sec0003}
------------------------------------------

We retrospectively investigated adults aged 20 years or older who were admitted to Tokyo National Hospital, Kiyose city, Tokyo, Japan from September 2013 to August 2017 with the diagnosis or in suspicion of TB. Patients were ineligible if they were not TB, did not give both sputum and stool specimens. We also excluded if they did not have pulmonary TB. Patient factors and backgrounds were investigated from the chart. Chest X-ray (CXR) were assessed by two expert doctors for tuberculosis. We classified CXR into four categories by areas of consolidation ([Table 1](#tbl0001){ref-type="table"}). Chest computed tomography (CT) images were also checked for cavity formation. The diagnosis of intestinal tuberculosis was made according to the medical records of the attending physician.Table 1Characteristics of 187 patients.Table 1:Characteristics (*n* = 187)Median(quartile) or percentageSex (male%)60.4% (113/187)Age74 (54--85)BMI17.8 (15.9--20.2)Alubumin (g/dl)2.6 (2.1--3.3)Diabetes mellitus20.3% (38/187)HIV3.7% (7/187)Miliary tuberculosis23.5% (44/187)Cavity formation45.5% (85/187)Area of consolidation (0/1/2/3)[\*](#tb1fn1){ref-type="table-fn"}2/19/69/97[^1]

2.2. Specimen collection, and laboratory methods {#sec0004}
------------------------------------------------

We compared the positive isolation rate of *M. tuberculosis* organisms between sputum and stool specimens collected from the same patients. One stool and three respiratory samples were collected from all patients. Both sputum and stool specimens were collected in separate tubes. About 100 to 200 μl of stool specimens were used for further treatment. Both samples were pre-treated with a semi-alkaline protease proteinase (Sputazyme, Kyokuto Pharmaceutical, Co. Ltd., Japan) [@bib0019] according to the manufacturer\'s instructions. Stool specimens were spun down and the supernatants were used for further treatment. All specimens were further decontaminated using N-acetyl-L-cysteine-sodium hydroxide (NALC---NaOH), followed by neutralization with phosphate buffer (PB, pH 6.8) and centrifugation (3000 g, 15 min at 4 °C). Auramine O fluorescence microscopy was performed as per standard literature for both sputum and stool samples [@bib0020]. Transcription Reverse-transcription Concerted reaction (TRC Rapid®) system (TOSOH, Tokyo, JAPAN) was performed according to the manufacturer\'s instructions. And also, those samples were cultured using the Mycobacteria Growth Indicator Tube (MGIT®) system (Becton Dickinson, Sparks, MD, USA). Liquid MGIT cultures were incubated at 37 °C for up to 6 weeks. If there was no growth, cultures were declared negative. Culture with solid medium (2% Ogawa medium) was also used if specimens were suspected of contamination during culture with MGIT® and incubated at 37 °C for up to 8 weeks.

2.3. Statistical analyses {#sec0005}
-------------------------

Chi-square test (Pearson) , Fisher\'s exact test and Wilcoxon/Kruskal-Wallis test were used to compare the characteristics between two groups. Logistic regression analysis was used to detect factors related to positive detection of MTB from stool specimens. All statistical analyses were performed using JMP 13.00 (SAS Institute Inc. Cary, NC, USA). Statistical significance was accepted at *p*  \<  0.05.

2.4. Ethics statement {#sec0006}
---------------------

The study protocol was approved by the Tokyo National Hospital Research Ethics Committee. Informed consent was waived because of the retrospective nature of the study.

3. Results {#sec0007}
==========

From September 2013 to August 2017, 2063 patients were admitted to the Tokyo National Hospital with the diagnosis or in suspicion of TB. Stool specimens were examined for mycobacteria in 300 cases. Among them, 187 cases were microbiologically diagnosed with pulmonary tuberculosis and were retrospectively reviewed. Patient\'s characteristics are summarized in [Table 1](#tbl0001){ref-type="table"}. Among 187 patients enrolled, 113 (60.4%) were men; with mean age of 74 years; and of whom 38 (20.3%) had diabetes mellitus (DM) and 7 (3.7%) had human immunosuppressive virus (HIV) infection; 44 had milliary tuberculosis and 7 (3.7%) had intestinal tuberculosis and 85 (45.5%) had cavity formation ([Table 1](#tbl0001){ref-type="table"}).

For sputum specimen, we have done AFB smear and culture for three specimens from different days, and TRC for one specimen. The results demonstrated AFB smears were positive in 60.6% (114/187), TRC was positive in 67.3% (126/187), and cultures were positive in 87.2% (163/187) of patients.

Stool examination was conducted one time for each patient. Stool smear for acid fast bacteria (AFB) was positive in 12.8% (24/187), TRC was positive in 68.1% (98/144, 33 missing data), culture was positive in 40.6% (76/187) of patients. The clinical characteristics of stool TRC and/or culture positive patients and those of negative patients are shown in [Table 2](#tbl0002){ref-type="table"}. Male sex, cavity formation and absence of miliary tuberculosis had a statistically significant (*p* \< *0.05*) difference, favoring positive results ([Table 3](#tbl0003){ref-type="table"}).Table 2Characteristics of stool TRC or culture positive patients.Table 2CharacteristicsPositive[a](#tb2fn1){ref-type="table-fn"} MT detection in stool (*n* = 124) median(quartile)or percentageNegative MT detection in stool(*n* = 63)*p-value*Sex (male%)67.7% (84/124)46.0% (29/63)0.0041[\*](#tb2fn2){ref-type="table-fn"}Age71 (54--84)81 (55--87)0.13[†](#tb2fn4){ref-type="table-fn"}BMI17.7 (15.8--20.1)18.0 (15.9--21.6)0.50[†](#tb2fn4){ref-type="table-fn"}Albumin (g/dl)2.5 (2--3.3)2.7 (2.1--3.3)0.54[†](#tb2fn4){ref-type="table-fn"}DM19.4% (24/124)22.2% (14/63)0.65[\*](#tb2fn2){ref-type="table-fn"}HIV2.4% (3/124)6.3% (4/63)0.22[⁎⁎](#tb2fn3){ref-type="table-fn"}Miliary tuberculosis18.5% (23/124)33.3% (21/63)0.024[\*](#tb2fn2){ref-type="table-fn"}Areas of consolidation\
(0/1/2/3)0/9/48/672/10/21/30[^2][^3][^4][^5]Table 3Results of multivariate logistic regression analysis.Table 3*p-value*Adjusted odds ratio (95% confidence interval)Cavity formation0.0152.9 (1.48--5.69)Sex (Ref=Male)0.0282.1 (1.08--3.93)[^6][^7]

We ran univariate logistic regression on characteristics and turned out 3 same variables, cavity formation, miliary tuberculosis and male sex were statistically significant (*p* \< *0.05*). Prior to multivariate logistic regression, stepwise selection was conducted using JMP13.0 (inclusion criteria *p* \< *0.25*, exclusion criteria *p* \< 0.*05*) . The results indicate male sex and cavity formation are statistically significant. The adjusted odds ratio (OR) with 95% confidence interval (CI) for presence of cavity was 2.9 (95%CI 1.48--5.69), and 2.1 (95%CI 1.08--3.93) for male.

We could not find any common characteristics among 5 patients whose MTB was proved by only stool samples ([Table 4](#tbl0004){ref-type="table"}). Detailed comparison between stool and sputum examination are shown in [Table 5](#tbl0005){ref-type="table"}.Table 4Characteristics of the five patients diagnosed only by stool.Table 4AgeSexTuberculosisStool acid smearStool cultureStool TRCHIVCavity formationArea of consolidation141MPulmonary and intestinal--++----1270FPulmonary----+----1379MPulmonary--++--+2419FIntestinal, urinary tract, pulmonary and peritoneum----+----1540FPulmonary----+++2Table 5Comparison between stool and sputum examination.Table 5Smear (*n* = 187)Stool AFB smear positiveStool AFB smear negativeSputum AFB smear positive (at least one time)2490Sputum AFB smear negative073Culture (*n* = 187)Stool AFB culture positiveStool AFB culture negativeSputum AFB culture positive (at least one time)7291Sputum AFB culture negative420TB-TRC (*n* = 138)Stool TRC positiveStool TRC negativeSputum TRC positive8015Sputum TRC negative1330

4. Discussion {#sec0008}
=============

Not all tuberculosis-suspected patients can produce adequate and appropriate sputum samples. In such cases, diagnosing TB is challenging and often requires invasive procedures like bronchoscopy. Stool samples have been reported to be useful for the diagnosis of TB in pediatric patients and in HIV patients (especially for patients with low CD4 counts) [@bib0009], [@bib0010], [@bib0012], [@bib0013], [@bib0014], [@bib0015]. Although the usefulness of stool examination for adult patients has also been documented in a few articles [@bib0016], [@bib0018], the usefulness is not commonly recognized.

In our study, stool TRC for MTB was positive in 68.1% (98/144, 43 missing data) of patients, while the sputum TRC for MTB was positive in 67.3% (126/187). This was surprising because the result shows stool TRC for MTB have almost same sensitivity as TRC from sputum samples. We can see there are reasonable number of patients with positive TRC in either stool specimens or sputum specimens, and they seems to complement each other ([Table 5](#tbl0005){ref-type="table"}). Stool culture for MTB was positive in 40.6% (76/187) of patients, while the sputum culture was positive in 87.2% (163/187) of cases. Culture positive rate for stool examination was lower than that of sputum examination, and even lower than the positive rate for stool TRC. This result is consistent with other reports, and most of the MTB in the stool specimen could be considered to be dead and only DNAs are detected.

Multivariate logistic regression analysis revealed positive rate for stool examination was high in male patients and patients with cavity formation. The amount of MTB in sputum and the positive rate of MTB in stool is reported to have a correlation [@bib0016]. The rate of MT detection in stool specimen (positive TRC or culture) was higher in Sputum AFB positive patients (80%, 92/114) compared to sputum AFB negative patients (44% 32/73) in this study too. We suspect that the patients with cavity formation on the CXR tend to shed MTB more than those who do not have cavities. Therefore, patients who have cavity formation would have more chance to swallow MTB and cause positive rate of stool specimens become higher. The reasons for high positivity in males are unknown and require further study. However there are some papers that reports females tends to have lower acid-fast bacillary counts in the sputum [@bib0005], [@bib0021].

The rate of patients who were microbiologically diagnosed on the basis of stool positivity alone was 2.7% (5/187). When considering the cost-effectiveness of stool specimen, stool examination may not be necessary if patients can give enough sputum.

However, we showed positive rate of TRC for MTB was almost identical between stool and sputum samples. Therefore, for those who can\'t give enough sputum, especially those with cavity formation in x-ray, we can expect good diagnostic sensitivity of stool examination.

In previous reports, the positive rate for stool examination ranged from 25% to 94% [@bib0012], [@bib0014], [@bib0018]. In the article which reported 94% of sensitivity, all patients were all smear positive. Our study participants were smear positive in 60.6% of patients, which may have reduced the sensitivity. Another paper reported that increasing the amount of stool used for the examination may improve the sensitivity [@bib0008]. Further optimization of laboratory processing methods may improve the sensitivity of stool examination.

There are some limitations to this study. Due to the retrospective study design, patients included in this study may be biased for sputum smear negative patients. However, the sensitivity of stool tests was reasonably good even for such patients.

In conclusion, *M. tuberculosis* positive rate of stool specimens, especially by TRC is comparable with sputum positivity rate. We recommend stool examination for adults who are unable to expectorate sputum and have risks for invasive procedures.
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[^1]: Classification by total areas of abnormalities based on chest x-ray based on the Japanese society for tuberculosis.(0: no abnormalities on chest-x-ray, 1: Affected area less than one-third of a unilateral lung field, 2: between 1 and 3, 3: Affected area greater than the area of a unilateral lung).

[^2]: Positive MT detection means combined result of positive TRC or culture.

[^3]: Chi-square test (pearson).

[^4]: Fisher\'s exact test.

[^5]: Wilcoxon/Kruskal--Wallis test.

[^6]: Prior to multivariate logistic regression, STEPWISE selection was conducted using JMP13.0 (inclusion criteria *p* \< 0.25, exclusion criteria *p* \< 0.05).

[^7]: Whole model test : *p-value* 0.0001, R2 square test 0.07, AICc 227, BIC 236, LOF *p-value* 0.15.
